Abstract. This work presents the results of the ASTER stereoscopic image processing to calculate the volume changes of Las Vacas Glacier. The processing of medium resolution satellite images (ASTER level 1A -pixel 15 m) from February 2001 and 2007 was performed applying the satellite digital photogrammetry method (Kääb, 2005) . The comparison of the two generated DTM returns results that are acceptable within the parameters and precisions that can be obtained with this kind of sensor and the processing methodology.
Introduction
The glaciers of the Andes of the Mendoza province are important as fresh water reservoirs. The knowledge of their present state and climatic change impacts on their evolution will be very useful for water management in the region.
This work shows the preliminary results of the Aster stereoscopic image processing that allowed the authors to calculate the volume changes of the Las Vacas Glacier. There are previous works on the study of the evolution of the frontal position of the glacier, but not on the altimetric changes of the ice body (Espizúa and Maldonado, 2007) . The processing of mean resolution satellite images (Aster -pixel resolution 15 m) from 26 February 2001 and 13 February 2007 was performed applying the satellite digital photogrammetry method (Kääb, 2005) .
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Study area
The study area is located within the Parque Provincial Aconcagua, a natural protected area, located around 32 • 29 S, 70 • 00 W (Fig. 1) . Las Vacas Glacier, situated North from Mt. Aconcagua summit, flows to the East from 5500 m a.s.l. reaching 3700 m a.s.l. in its lower part. It has an area of approximately 18 km 2 (Fig. 2) .
Methodology
In order to obtain the digital terrain models from Aster stereoscopic images, level 1A, corresponding to 2001 (Etzelmüller and Sulebak, 2000 , the authors priorly selected, the terrain control points on the images, in relation to the size and shape of the area to be modeled. The control points were measured in the field, using GPS Geodetic quality receivers in differential method. The GPS data obtained were processed by linking them to the GPS continuous stations of the SIRGAS net (Drewes, 1998; Fortes et al., 2006) to ensure more reliability ( ϕ=0.30 m, λ=0.30 m, z=0.50 m). The coordinates thus obtained were referred to the POSGAR (Posicionamiento Geodésico Argentino) reference frame (Cimbaro et al., 2007; Lauria, 2009) . Once the data were processed and adjusted, we converted the coordinates to the Gauss Krüger plane projection system, Band 2 (X, Y). The calculated coordinates served as territorial base for the generation of the stereoscopic models.
The photogrammetric processing of models, performed with the Photomod 4.1 software (Rozycki et al., 2007; Liba et al., 2009 ), enabled to carry out the respective internal, external and absolute orientations. It must be pointed out that the models altimetry was generated from ellipsoidal heights associated to the same POSGAR reference frame. The advantage of working with ellipsoidal heights is that it permits correlating data from different latitudes, at different times, maintaining the maximum altimetric and geodetic precision (Mackern et al., 2007) .
Once the virtual models were obtained, the authors were able to generate the TIN (triangular irregular network) mesh, perfectly adapted to the terrain, obtaining level curves each 50 m. Another product derived from the model was the digital elevation model (DEM) generated from a 15 m cell for both time slices. The vertical accuracy of DEM data was evaluated using high accuracy GCPs to about ±20 m (Fujisada et al., 2005; Toutin, 2008) .
In order to obtain differences between the generated models we took the model of 2001 as a base and, starting from it, we correlated all data obtained afterwards (2007) . The values of the altimetric coordinates (Z) of the 2001 model were transferred to build the 2007 model, thus the method errors were minimized (Vignon et al., 2003) .
Longitudinal profiles (taking a point each 50 m) on the TIN, following the glacier's flow line were extracted. Comparing the longitudinal profiles we were able to retrieve the variation in height of the ice surface between the years 2001 and 2007 (Berthier et al., 2007) . In order to reduce distortions between the multi-temporal product the two DEMs were adjusted as one block precisely connected by tie-points as suggested by Kääb et al. (2002b) .
The volumetric variations of Las Vacas Glacier were determined comparing the digital elevation models (DEM) of the analyzed seasons. The software allowed to use a 50 m grid, create square prisms and by comparing them, we obtained the variation of the ice volume between the dates considered. The obtained ice surface altimetric variation data, z, were put into a planimetric satellite map (scale 1:50 000), orthorectified from the 2001 DEM generated from the ASTER scene according to Hirano et al. (2002) .
Results
Aided by the digital terrain models (DEM) we planimetrically compared the situation of the ice body in 2001 and 2007 as shown in Kääb et al. (2002a) . Figure 3 shows the ice surface elevation in 2001 and 2007 taken along profiles along the ice bodies. These were manually drawn so that their position follows the central line of the ice flow. Table 1 Glaciological studies performed at the Piloto East Glacier, located 16 km West from Las Vacas Glacier in a nearby valley, show that the same receding process that has taken place in almost every glacier since at least the beginning of the 20th century in this area still continues on both sides of the Cordillera (Leiva et al., 2007a (Leiva et al., , 2008 Bown et al., 2008) . Data from meteorological stations of Central Chile showed a warming of 0.3 to 0.7 • C over the last hundred years, with a greater increment in winter than in summer (Escobar and Aceituno, 1998; Carrasco et al., 2008) . The analyses of the 0 • C isotherm at the Quintero station (32 • 47 S, 71 • 33 W; 8 m a.s.l.) highlighted a 150 m vertical rise of this isotherm in winter and 250 m in summer over the last 25 years. This suggests that a similar trend must have affected the snow line in this part of Argentina. At the same time, the frequency of winter precipitation below-average has increased in the last 2-3 decades (Casassa et al., 2003; Leiva et al., 2007b) . These facts may explain the 2001-2007 ice mass loss of the las Vacas glacier.
We analyzed temperature and snow accumulation data from Horcones Weather Station, located 24 km away from Las Vacas Glacier front and at an altitude 900 m below it.
The daily mean temperature of December, January and February (warmest months) shows no tendency during the 2000-2009 period (Fig. 4a) . The daily mean temperature of June, July, August and September (coldest months) (Fig. 4b) show a very slight tendency of cooling. The snow accumulation, in water equivalent; during July, August and September ( Fig. 5) , shows great variability of snow precipitation during the study period. (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Accumulated snow-pillow data in mm of water equivalent.
Conclusions and discussion
Las Vacas Glacier represents an important reservoir for the water resource in the Rio Mendoza basin. This is why it is necessary to find out if the employed methodology is suitable to follow the evolution of the ice body in time with the use of methodologies that will yield reliable and efficient results at basin scale. The first results obtained through the used indirect methods show the shrinking of this glacier in recent years. The Horcones Weather Station data do not explain or reflect the glacier behavior. This may be because of its location, away and below from Las Vacas Glacier, and situated in a valley with different orientation.
Data from ten of fifteen available GCPs were used to adjust the DEM. The Z-coordinates from the remaining five GCPs were compared with its Z-coordinates obtained from the DEM. The mean error is ±24 m, implying that the results of Table 1 , as obtained from the DEMs, provide a reliable signal of the thinning process on Las Vacas Glacier. Therefore, the comparison of longitudinal glacier profiles shows results congruent with the regional glaciers behavior.
To corroborate the obtained results it is necessary to calculate the volumetric variations of the glacier by direct methods. The authors also propose to improve the accuracy of the use of ASTER images by increasing the number of GCP. Fujisada et al. (2005) , using high accuracy GCPs, evaluated that the vertical accuracy of DEM is about ±20 m with 95% confidence (2σ ). Also, the use of a DEM created from topographical measurements and aerial photographs with better vertical accuracy (Vignon et al., 2003) as a base for comparison with future DEMs derived from ASTER images would allow to have more confidence in the glacier ice-mass variation assessment.
The suggest measures for further investigations will allow for a better assessment of the temporal and spatial behavior of these glaciers by relating the indirect with the direct methods, given that the indirect methods are a straightforward tool providing access to information from large area that were not investigated until then.
